Objective. To study patient-level improvements in pain and limitations of key activities of daily living (ADLs) after primary or revision total knee arthroplasty (TKA).
Introduction
Total knee arthroplasty (TKA) is the most common elective orthopaedic procedure, performed for severe end-stage arthritis and associated with significant improvement of pain, function and daily activities [1] . According to the Healthcare Cost and Utilization Project, 686 000 TKA procedures were performed in 2009 in the USA [2] , similar to the estimates from a population-based study [3] . TKA volume is increasing rapidly [4] and is projected to increase 6-fold from 2005 to 2030 [5] . Suboptimal outcomes in pain and function are reported by up to 20% patients after TKA [6] . Most validated scales used for the assessment of TKA outcomes combine pain and function domain assessments with another domain to provide a composite score. A key example is the American Knee Society (AKS) Scale [7] , the most common outcome instrument used in TKA, where the knee subscale is a composite of pain, range of motion and stability. Validated composite scales like the Knee Society Scale (KSS) have demonstrated well that significant improvements occur with TKA, but they have certain limitations. First, pain, range of motion and joint stability (and function in some cases), separate domains that are of varying importance to patients undergoing TKA, are often combined into a single score, making the interpretation of patient-level improvements in the pain and function domains separately very difficult [8, 9] . Second, most studies to date provide only average changes at the cohort level rather than patient-level meaningful improvements. Third, these studies have not provided data related to important changes in these scales and the thresholds have been defined for several outcome instruments [10] .
The primary reasons a patient undergoes a TKA are to improve knee pain and/or improve the patient's ability to perform various activities. Patients are most interested in knowing the probability of improvement in their pain and their ability to perform specific activities important to them and in daily living. It is reasonable to start by obtaining such estimates for key activities of daily living (ADLs) related to knee joint function, realizing that ultimately estimates for improvement in both key ADLs (walking, climbing stairs, etc.) and recreational activities (sports, tennis, golf, skiing, etc.) will be needed. It is challenging to extrapolate from group-level mean improvements in the currently published literature to a patient-level meaningful improvement (change in pain from severe pain pre-operatively to mild pain at follow-up). Estimation of the proportion of patients that achieve such improvements can truly provide important information for patients. To our knowledge, these patient-level data are not available at present. We recently described patient-level improvements for patients undergoing total hip arthroplasty [11] . Using the prospectively collected data from the same institutional US joint registry, our objective was to study patient-level improvements after TKA in an easily interpretable format. Specifically, we aimed to (i) study pain and limitations in three key ADLs, pre-and post-operatively and (ii) describe important changes in pain and three ADLs 2 and 5 years after primary and revision TKA.
Methods

Setting, participants and data sources
We used data collected prospectively in the Mayo Clinic Total Joint Registry. The Mayo Clinic Total Joint Registry collects prospective data on all joint replacements performed at the Mayo Clinic, Rochester, MN, USA Data included patient demographics, surgery and implant details, radiographs, complications/surgeries and pain and function assessments [12, 13] . All patients who undergo TKA at the Mayo Clinic are requested to complete validated Mayo knee questionnaires [14] , containing pain and function questions, both pre-operatively and at regular follow-up visits (2 and 5 years). Dedicated, experienced joint registry staff assist in the completion of these questionnaires pre-operatively and at the 2-and 5-year time points after joint replacement, including mailed questionnaires and administration during the clinic visit or by telephone. The questionnaire data have been captured electronically since 1993. We included patients in this study if they had undergone a primary or revision TKA during 19932005 and had responded to pre-surgery and post-surgery knee questionnaires (2-or 5-year follow-up). The Institutional Review Board (IRB) at the Mayo Clinic approved the study and waived informed consent for this database study.
Demographics 
Outcomes of interest
Patients answered the following pain question at 2 and 5 years post-TKA: Do you have pain in the knee in which the joint was replaced? The responses were no pain, mild (occasional) (all combined into reference category); stairs only, walking and stairs (set to missing since the severity of pain is unclear with these responses); moderate (occasional), moderate (continuous) and severe categories-combined into the outcome variable moderate to severe pain, based on an a priori decision and as previously [16, 17] . Moderate to severe pain was assessed at 2 and 5 years after primary and revision TKA. This question is similar to the pain question in the KSS, a validated outcome instrument for patients with TKA [7] . In addition, the moderate to severe pain category has been used in previous studies [1618] . A similar question was also administered pre-operatively that had the same response categories.
Patients self-reported limitations in three key ADLs that specifically assessed index knee function, namely walking, climbing stairs and rising from a chair, on validated questionnaires. The limitations were classified a priori as follows, as previously [19] : (i) distance walked: unlimited or more than 10 blocks = none; 510 blocks = mild; <5 blocks = moderate; and housebound, indoors only or unable = severe; (ii) stairs: normal up and down = none; normal up, down with rail = mild; up and down with rail = moderate; and up with rail, down unable or unable = severe and (iii) rising from a chair: able, no arms = none; able, with arms = mild; able with difficulty = moderate; and unable = severe, as previously [19] . Moderate to severe overall activity limitation was defined as moderate or severe limitation in two or more key ADLs (reference, none/mild limitations) to allow an easier interpretation of the study findings, as previously [19, 20] .
We defined important improvements a priori as follows: (i) improvement in pain: reduction from moderate or severe pain pre-operatively to mild pain or no pain postoperatively-since occurrence of mild/no pain is deemed as a success for this elective surgery done primarily to improve pain and function and (ii) improvement in ADL limitation: reduction from moderate or severe pre-operative ADL limitation to mild or no post-operative limitation in the respective ADL and in the overall ADL limitation.
Statistical analyses
We assessed the proportion of patients in various categories of pain severity and ADL limitations pre-operatively and 2 and 5 years post-TKA. All analyses were done separately for primary and revision TKA and separately for 2-and 5-year follow-up. Responder and nonresponder characteristics were compared using logistic regression analyses. A P-value <0.05 was considered significant.
Role of the funding source
The funding sources (Mayo Clinic Orthopaedic Surgery Department and National Institutes of Health) had no role in study conception, protocol development, data analyses, manuscript preparation or decision to submit. The authors made all the decisions.
Results
Patient characteristics
Demographic and clinical characteristics of primary and revision TKA cohorts at baseline and at 2-and 5-year follow-up are shown in Table 1 . For the 2-year primary TKA follow-up cohort, the mean age was 68 years, 44% were men, 19% were 460 years of age, 13% had BMI <25 kg/m 2 and OA was the underlying diagnosis in 94% (Table 1) . Characteristics of pre-operative and 5-year cohorts were similar. The revision TKA cohorts were similar demographically to the primary TKA cohorts and loosening/wear/osteolysis was the underlying diagnosis in 60% (Table 1) .
Characteristics of survey non-responders
Response rates were 65% and 57% at 2 years and 57% and 48% at 5 years for primary and revision TKA, respectively. For primary TKA 2-and 5-year follow-up, men and those with OA were slightly more likely to respond and older age was associated with significantly greater odds of response (Table S1 , available at Rheumatology Online). Higher American Society of Anesthesiologists class of 3 or 4 and a higher DeyoCharlson comorbidity index score were associated with slightly lower odds or response and a distance >500 miles from the Mayo Clinic was associated with a much lower odds of response. Similar patterns were noted for revision TKA patients (Table S1 , available at Rheumatology Online).
Prevalence and important improvements in index knee pain after TKA Moderate or severe index knee pain was reported by 81% and 15% of patients before primary TKA, 7% and 0.5% of patients at 2 years and 8% and 0.8% of patients 5 years after primary TKA, respectively (Fig. 1) . For revision TKA, the respective proportions for moderate or severe knee pain were 65% and 9.5% pre-operatively, 21% and 3% at 2 years and 24% and 3% at 5 years ( Fig. 1) . Fig. S1 , available at Rheumatology Online, shows important improvements in pain after primary and revision TKA at 2 and 5 years. In the primary TKA cohort, 92% of patients with moderate knee pain and 93% with severe knee pain pre-operatively had a substantial reduction in pain severity to mild or no knee pain 2 years after primary TKA. Similarly, 91% of patients with moderate and 91% with severe pre-operative knee pain had substantial improvement to mild or no pain 5 years after primary TKA.
In the revision TKA cohort, 71% with moderate and 66% with severe pre-operative knee pain had substantial improvement to mild or no pain 2 years after revision TKA. while 68% with moderate and 74% with severe knee pain pre-operatively had substantial pain reduction to mild or no pain 5 years after revision TKA.
Prevalence of pre-operative ADL limitations
Pre-operatively, moderate or severe limitations in ADLs were extremely common in patients undergoing primary TKA. We found that 71% had moderate to severe limitation in walking, 86% in stair climbing and 31% in rising from a chair pre-operatively (Table 2) . Overall pre-operative activity limitations were moderate or severe (two or more ADLs with moderate to severe limitations) in 70% in the primary TKA cohort.
Pre-operative moderate or severe limitations in ADLs were very common in the revision TKA cohort, ranging from 66% for walking limitations to 85% for stair climbing limitations and 38% for rising from a chair ( Table 3) . Overall pre-operative activity limitations were reported as moderate to severe by 69% of revision TKA patients.
Important improvements in ADL limitations after primary and revision TKA {start}For walking limitations, 73% of those with moderate and 51% of those with severe pre-operative limitations, achieved mild or no walking limitation 2 years after primary TKA (Table 4) . For stairs limitation, 49% with moderate pre-operative and 40% with severe preoperative limitation achieved mild/no stairs limitation 2 years post-operative. For rising from chair, 88% with moderate pre-operative and 41% with severe preoperative limitation achieved mild/no limitation 2 years post-operative (Table 4) . At 5 years post-primary TKA, similar, but marginally lower improvements were noted (Table 4) . Overall moderate-severe ADL limitation 2-year post-primary TKA was 22%.
In the revision TKA cohort, 45% of those with moderate pre-operative walking limitation and 25% with severe pre-operative walking limitation reported mild/no postoperative walking limitation at 2 years (Table 5) . Respective numbers were 36% and 20% for stairs limitation and 70% and 57% for rising from chair limitation at 2 years post-revision TKA. At 5 years post-revision TKA, similar but marginally lower improvements were noted (Table 5 ). Overall moderate-severe ADL limitation 2-years post-revision TKA was 46%.
Change in overall ADL limitations after primary and revision TKA In the primary TKA cohort, 3% with pre-operative no/mild pre-operative and 19% with pre-operative moderate/ severe overall limitation had moderate/severe overall activity limitation 2 years post-operative. At 5 years, the respective proportions were 4% and 22%. In the revision TKA cohort, 3% with pre-operative no/mild pre-operative and 32% with moderate/severe pre-operative severe overall limitation had moderate/ severe overall activity limitation 2 years post-operative. At 5 years, the respective proportions were 4% and 34%.
Discussion
In this study, we described the prevalence of various degrees of index TKA pain severity and limitation in three key ADLs in a large cohort of patients with primary or revision TKA. We provided estimates of patient level improvements in patient-reported outcomes at the patient level rather than cohort level, which should be easily understandable and interpretable for patients and policy makers. A more accurate knowledge of expected improvements after TKA can help patients to have realistic expectations and reduce expectationoutcome mismatch, which is independently associated with poorer outcomes after TKA (lower pain, function and activity improvements and patient satisfaction) [2123] . These data should serve as a resource for surgeons, patients and policy makers and an important educational tool for patients planning to undergo TKA. Several findings in this study deserve further discussion.
Consistent with the published literature, we found significant improvements in pain severity after TKA, with <1% patients with primary TKA and 3% with revision TKA reporting severe pain post-TKA. Moderate pain was reported by 7% and 8% at 2 and 5 years after primary TKA and 21% and 28% after revision TKA, respectively. Prevalence of moderate to severe index knee pain of 7% at 2 years post-primary TKA is similar to previous studies reporting 713% prevalence of poor pain outcome at 1 year [24, 25] . Our study also provided estimates of change in pain severity after primary and revision TKA for each category of pre-operative pain and ADL limitation, which can help address specific questions regarding patient improvements after TKA. For example, a patient with severe pre-operative knee pain can be reassured that 93% patients like him/her will have no/mild knee pain 2 years after primary TKA (Fig. S1 , available at Rheumatology Online). Similarly, 66% of patients with severe pain before revision TKA can expect no/mild pain 2 years after revision TKA. Thus, our study provided estimates of change in pain from pre-to post-TKA.
Similarly, we found that important improvements occurred in ADLs in the vast majority of patients with TKA (Fig. S1 , Tables S4 and S5, available at Rheumatology Online). Important ADL improvements were more remarkable for primary (vs revision) cohorts. We noted that at 2 years post-primary TKA, 0.36.1% patients had severe limitation in three key ADLs; at 5 years, ADL limitation was seen in 0.59.2% patients. In those with revision TKA, 1.314.3% had severe limitation of each ADL at 2 years and 1.819.7% at 5 years. The estimates of each ADL limitation post-operatively within each pre-operative category of ADL limitation should serve as useful resource for both patients and surgeons, especially when improvement in specific key ADL/s is a key goal for the patient undergoing TKA surgery. Detailed studies of functional improvements at the patient level that are meaningful to the patient are needed, since much younger patients now undergo TKA, for whom not only ADLs, but sports and leisure activities are also important [2628] .
An important observation in our study was that the frequency of severe pain and moderate to severe ADL limitation, was similar at 2 vs 5 years post-TKA, in both primary and revision cohorts. For example, among Our study has several strengths and limitations. Study strengths include a large cohort, prospective standardized data collection coordinated by dedicated clinical registry staff, analyses of data collected across a 13 year period, categorization of outcomes a priori and presentation of important improvements. Non-response bias may limit our ability to generalize these findings to other populations. Non-responders were more likely to be younger (characteristic associated with poorer pain outcome) [16] and more likely to be female and have higher comorbidity (associated with activity limitation in our previous study) [19] . Thus, non-response biased our estimates towards null, making our estimates conservative and the true differences would at least be as large or larger, had all eligible patients responded. However, the similarity of patient characteristics to those reported in TKA studies previously and our response rate being similar to that reported for large surveys [29] support the representativeness of our study sample. However, the lower response rate for 5-year post-revision TKA indicates that these results should be interpreted with caution. Our study was not designed to assess limitation in sports and leisure activities, important to younger patients, which should be done in future studies.
In summary, we studied pain and key ADL limitation at 2 and 5 years after primary and revision TKA in a large cohort. Our estimates of patient level important improvements in pain and ADL limitation should be useful for discussion with patients pre-operatively and help patients set realistic goals. This will allow patients to be well informed during the informed consent process and help them to objectively assess their post-TKA goals. Studies that provide longer-term data for important pain and ADL improvements and address sports and leisure activities are needed to provide the patients with a full spectrum of trajectory of pain and ADL improvement with primary and revision TKA to help them make a well informed decision for undergoing TKA.
Rheumatology key messages
. 93% of patients with moderate to severe preoperative pain have mild or no knee pain up to 5 years after primary total knee arthroplasty. . 81% of patients with moderate to severe preoperative overall limitation to activities of daily living have mild or no limitation 2 years after primary total knee arthroplasty. . 70% of patients undergoing revision total knee arthroplasty report important pain reduction up to 5 years post-operatively.
